. Crystal engineering of melamine -imide complexes: tuning the stoichiometry by steric hindrance of the imide carbonyl groups. Angewandte 36(9), 969-971.
[9] a) B. Hille. (1 11 The analog of I lacking the crown ethers, Boc-(L-F-L,-F-L),-OMe, was inactive in the same bilayer experiment but led to perturbations in bilayer stability.
[I21 a) N. Voyer, .I. Lamothe, Tetrahedron 199551, 9241 -9284; b Here, we present the formation of supramolecular 1 : 1, 1 : 2, and 1 : 3 complexes of melamine with imides. We show that the availability for hydrogen bonding of the carbonyl groups in the irnide is strongly influenced by subtle differences in its molecular structure. The result that the stoichiometry of the supramolecular complexes can be tuned represents a distinct step forward towards crystal engineering.["'
Cocrystallization of melamine with succinimide from water or DMSO in a molar ratio between 1 : 10 and 1 : 3 resulted in the formation of a supramolecular I : 1 complex of melamine and and acceptor site available for hydrogen bonding is used. Surprisingly, when glutarimide was crystallized with melamine from water or DMSO in melamine: imide ratios between 1 : 10 and 1:2, a 1 :2 complex of melamine and glutarimide was obtained. X-ray analysis['*] showed a 1 : 2-herringbone structure (Figure 2 ). In this complex, one of the four carbonyl acceptor sites of the imide is not involved in hydrogen bonding. Therefore, by masking two of the four carbonyl acceptor sites of an imide, it should be possible to obtain a 1 : 3 cocrystal with melamine. To verify this hypothesis, we co-crystallized melamine with a variety of imides (adipimide. 2,3-diphenylmaleimide, phthalimide, diphenylimide, and 1 &naphthalimide) in various ratios of DMSO, DMF, ethanol, or NMP as solvent. However, crystallization did not result in single crystals of the desired 1 :3 melamine-imide complex. This is possibly due to the large solubility difference between the imides and melamine." '1
However, cocrystallization of melamine with the water-soluble I-N-propylthymine from water or 96% ethanol in initial molar ratios between 1 : 2 and 1 : 5 resulted indeed in the crystallization of the desired 1 : 3 melamine-imide complex. X-ray analysis[14J showed a 1 :3 C,-symmetrical structure with disordered propyl groups and small quantities of disordered solvent in infinite channels perpendicular to the plane of molecules (Figure 3) . The crystal structures of the complexes show that all hydrogen-bond lengths and angles agree well with values in other melamine complexes[4* 5. 91 and support the triple hydrogenbond motif. In the 1 : 1 melamine-succinimide crystal structure the molecules are paired through three anti-parallel hydrogen bonds (Figure l) .f15aI Two independent pairs are present in the unit cell, and a two-layer zigzag sheet is formed. Intermolecular hydrogen bonds within the two-layer zigzag sheet connect the different pairs parallel to the a,c plane (Figure 3 ) . No hydrogen bonding occurs between different two-layer zigzag sheets along the b axis. Detailed analysis of this complex crystal structure reveals that each succinimide molecule uses all four H-bond acceptor sites and its H-bond donor site, while melamine uses three H-bond acceptor and all its six H-bond donor sites. This results in a 1 : 1 complex with seven donors and seven acceptors per pair.
In the 1 : 2 melamine-glutarimide crystal structure, each melamine molecule is connected to two glutarimide molecules by three anti-parallel hydrogen bonds.[15b' These units. located on a crystallographic twofold rotation axis, are connected in a one dimensional hydrogen-bonded chain, forming an a-network in which the arrangement of the molecules resembles a herringbone structure. No specific interactions between the a-networks are detected. All molecules in the complex leave one of their H-bond acceptor sites unused. Assuming that one of the four imide carbonyl acceptor sites is not available due to steric hindrance, it is obvious that a 1 :2 stoichiometry gives an optimal balance of donor and acceptor sites.
In the 1 : 3 melamine-(1-N-propylthymine) crystal structure four molecules are connected by nine H-bonds to form a planar C,-symmetrical structure." 5cJ Here, two carbonyl acceptor sites are not used, because they are masked by the methyl and the N-propyl group. This 1 : 3 arrangement of molecules around melamine resembles the hydrogen-bonding motif of the cyanuric acid -melamine lattice.
These results show that it is possible to influence the ratio of the components of the complex of melamine with succinimide (1 : I ) , glutarimide (1 :2), and 1-N-propylthymine (1 :3). The availability of the imide carbonyl acceptor sites affords a handle to tune the supramolecular crystal structure with melamine.
Because of the hydrophobic interactions, water seems to be the best medium from which the different crystals can be grown. The 1:3 melamine-imide structure is consistent with the arrangement of cyanuric acid around melamine in the 1 : 1 com-plex of melamine and cyanuric acid."' It also supports the 1 : 3 complexation o f melamine with an alternating copolymer of maleimide and styrene, in which the polymer backbone is presumed to mask two carbonyl acceptor sites of the maleimide.[161 The present results suggest that uncovering assembly rules that govern the crystallization of a restricted group of related complexes is a useful approach to the design of crystalline solids. ['". 31 Further research to extend these new insights into the formation of supramolecular lattices is in progress.
Experimental Section
Typical procedure lor the cocryrtallization of melamine and succinimide: melamine (99.1 mg. 0 79 mmol) and succinimide (78.7 mg, 0.79 mmol) were dissolved in water (5 mL) under reflux and slowly cooled to ambient temperature. After filtration 136.9 mg (0 61 mniol, yield 77%) of the 1 : 1 melamine-succmimide cocrystals were obtained The 1 .Z melamine-glutarimide and the 1 :3 melamine-(1-N-propylthymine) complexr~ were obtained in a similar manner. Hydrogen atoms were located on a difference Fourier map and subsequently included in the refinement. All non-hydrogen atoms were refined with anisotropic thermal parameters; the hydrogen atoms were refined with one overall isotropic thermal parameter. A final difference Fourier showed no residual density outside -0.09 and 0 09 e k 3 . no absorption correction was applied. The structure was solved by automated direct methods (SHELX86). Refinement on F2 was carried out by full-matrix least-squares techniques (SHELXL-93); no observance criterion was applied during refinement The N-propyl moiety is disordered over four positions, two of which are generated by space-group symmetry. The occupancy ratio of the two unique conformations was included as a parameter in the refinement. The unit cell contains a channel parallel to the c axis and passing through the origin, filled with disordered solvent (probably water) This density was modeled by introducing two partially occupied oxygen sites in the channel. Hydrogen atoms were located on a difference Fourier map and subsequently included in the refinement. All non-hydrogen atoms were refined with anisotropic thermal parameters except for the carbon atoms in the disordered .\'-propyl moiety. Hydrogen atoms were refined with a fixed isotropic thermal parameter related to the value of the equivalent isotropic displacement parameter of their carrier atoms by a factor of 1.5 for the methyl. disordered methylene, and amine Crystallographic data (excluding structure factors) for the structures reported in this paper have been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication no. CCDC-100114. Copies of the data can be obtained free of chwge on application to The Director, CCDC, 12 Union Road. Cambridge CBZlEZ, U K (fax int. code +(1223)336-033; e-mail: deposit@ chemcrys.cam.ac.uk).
[15] a ) T h e N H --O hydrogen bondsareofcomparablelength(3.125(2). 3.048(2), 3.120(2), and 3.1S0(2)A), while the NH . -N hydrogen bond is shorter (2 812(2) and 2.814(2) A). 
